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ABSTRACT

The adaptive physiological responses resulting from exercise training appear to be
influenced by the specific character of the training program, type of exercise, and
protocol employed to evaluate change. The effect of a unique six week anaerobic
training program utilizing a skating treadmill was investigated. The anaerobic training
program involved intermittent high intensity exercise bouts, each 4-90 seconds in
duration at various treadmill speeds and elevations. The skating treadmill was
designed specifically to enhance anaerobic metabolic pathways and anaerobic
performance of hockey players by allowing the athlete to skate indoors on a rotating
polyurethane surface that has the same friction coefficient as artificial ice. Analysis of
whole blood metabolites before and after a Wingate Test protocol administered two
days prior to subjects beginning the training program, two days following the ninth
training session, and two days following the eighteenth training session indicated that
the athlete's anaerobic metabolic pathways were enhanced. Significant decreases in
lactate and creatine kinase occurred (p < 0.005), while no significant decreases in
lactate dehydrogenase activity were apparent. Relative mean anaerobic power and
relative peak anaerobic power showed numerical increase during the training program
but were not statistically significant (p > 0.05) which may have been due to a low
number of subjects. From these findings the adaptive metabolic responses to anaerobic
training appear to be exercise specific. In addition, these results suggest that the
skating treadmill can be a useful anaerobic training device.
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CHAPTER 1

LITERATURE REVIEW
Introduction
Ice hockey trainers and athletes alike can use the information obtained from past
exercise research to help them determine which types of conditioning can be used to
enhance the specific anaerobic component of ice hockey fitness. The causes of fatigue
and the factors that limit performance in high intensity exercise are not fully
understood. Further research is needed to help in the understanding of exerciseinduced metabolic adaptations which occur as a result of exercise training. This
research could help both scientists and athletes with understanding how and why these
changes occur. The metabolic changes that are most widely recognized with ice
hockey performance involve those associated with anaerobic metabolism. Ice hockey
studies (Green H. et al., 1976; Seliger V. 1968 and 1972) have shown that a large
contribution to energy production occurs from anaerobic glycolysis during an ice
hockey game. Seliger et al. (1972) characterized ice hockey as an activity performed at
a submaximal metabolic rate with a large contribution from anaerobic metabolism
(69%). The results from past exercise studies (Green et ah, 1976; Montgomery et ah
1988) of hockey players reveal the importance of training and evaluating the energy
systems associated with anaerobic metabolism.
A. Anaerobic Metabolism
Anaerobic metabolism is defined as a process that does not require the utilization of
oxygen (Devlin, 1992). Energy for muscle contraction can be provided through two
metabolic pathways that are considered to be anaerobic: (1) stored phosphagens and
1
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(2) anaerobic glycolysis (Pate et al., 1991). During anaerobic exercise, little time exists
for interorgan cooperation, thus, skeletal muscle largely relies upon its own stores of
adenosine triphosphate (ATP), creatine phosphate (CP), and glycogen (Devlin, 1992).
The energetics for anaerobic muscle metabolism are schematically represented in
Figure 1.
1. Stored Phosphagens
High intensity, short duration exercise (e.g., 100 meter dash) is performed using
energy derived primarily from stored phosphagens (ATP and CP). ATP and CP are
high energy compounds that can provide energy for immediate use. ATP is hydrolyzed
to provide energy and CP donates a phosphate to adenosine diphosphate (ADP) to form
ATP in a reaction catalyzed by the enzyme creatine kinase (CK). This system can be
activated quickly and has a high power output, but the total capacity for sustaining
work performance is limited (Pate et al., 1991). This limitation is due primarily to the
small amounts of ATP and CP stored within the muscle cells (Pate et al., 1991; Devlin,
1992; Layzer, 1990; Brooks and Fahey, 1987).
2. Anaerobic Glycolysis
The second anaerobic pathway, anaerobic glycolysis, is utilized at the beginning of
sustained effort prior to the full engagement of the oxygen transport systems and is also
important during sustained high-intensity exercise which requires more energy than
that available from the aerobic processes (Pate et al., 1991). Glycolysis involves a
series of reactions (Fig. 2) that break down glucose to pyruvate and/or lactate,
depending on the availability of oxygen (Devlin, 1992). If sufficient oxygen is
available, such as during steady-state exercise, pyruvate is the primary substrate formed
(Devlin, 1992). The pyruvate can be converted to lactate if sufficient oxygen is not
available to the cells, such as during high intensity exercise or in the initial phases of
exercise, lactate will be formed (Devlin, 1992). High-intensity intermittent exercise
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characterizes the type of movement pattern seen in multiple sprint sports such as
hockey and soccer (Balsom, 1992). Past exercise studies (Montgomery, 1988; Green
etal. 1976; Greer etal. 1992; Seligeretal. 1972; Watson and Sargeant, 1986)
showed that a large contribution from anaerobic glycolysis occurs during high intensity
intermittent exercises.
B. High-Intensity Intermittent Exercise
High-intensity intermittent exercise stimulates energy production via the anaerobic
energy pathways during exercise and controls the time of recovery in between exercise
sessions. During high-intensity intermittent exercise, unique demands are placed on
metabolic processes in the skeletal muscle where energy supply oscillates between
fueling contractile muscle activity and restoring homeostasis (Balsom et al. 1992).
While energy is produced primarily via anaerobic pathways during a short bout (less
than 90 seconds in duration) of high-intensity exercise (Boobis, 1987), energy for
recovery processes appears to be derived exclusively from aerobic pathways
(Colliander et al. 1988; Harris et al. 1976). Thus, even with passive rest periods, highintensity intermittent exercise stimulates both anaerobic and aerobic metabolism
(Balsom et al. 1992). Research results of Green (1979) and Paterson (1979) also
support the concept that anaerobic metabolism may be critically dependent on aerobic
metabolism.
Experiments demonstrating the effects of high-intensity intermittent type
exercise training support the hypothesis that this type of conditioning enhances the
anaerobic pathways of athletes. Simoneau et al. (1986) conducted an experiment over
a fifteen week period. The experiment consisted of a series of ergo cycle
supramaximal exercises lasting from fifteen to ninety seconds in duration performed
four to five times a week. The results of this study indicated that the capacity to
perform maximal anaerobic exercises increased following high-intensity intermittent
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training. These results generally agree with previous observations (Cunning and
Faulkner, 1969; Fox, 1975; Houston and Thomas, 1977; Roberts etal. 1982).
Several past studies examined specific metabolic parameters (phosphagenic and
glycolytic metabolites) found in the blood of athletes to evaluate the effectiveness of
training programs. Although the results from these studies are somewhat unclear, the
thought is that the metabolic parameters examined served as indicators to changes in
anaerobic metabolism and/or muscle cell integrity. Past studies examining the same
metabolites measured in the present study will be discussed further in later sections.
C. Metabolic Parameters
Several studies examined the effects of exercise on enzyme activities [creatine
kinase (CK), lactate dehydrogenase (LDH)] and blood lactate concentrations. The
release of CK and LDH from skeletal muscle cells into the blood is suggested to be
related to the amount of exercise-induced muscle damage and thus is used to determine
if changes in muscle integrity occurred after severe exercise (Armstring, 1979; Berg
and Haralambie, 1978; Colliander et al., 1988). Changes in whole blood lactate
concentrations are also used to assess if metabolic adaptations occurred following
exercise training. Past studies examining exercise-induced metabolic adaptations of
CK, LDH, and lactate will be reviewed in a later section.
1. Creatine Kinase and Lactate Dehydrogenase
CK catalyzes the reaction between creatine phosphate (CP) and adenosine
diphosphate (ADP), forming creatine and adenosine triphosphate (ATP), thus
maintaining an immediate, accessible energy reservoir in the skeletal muscle similar to
what is believed to occur in exercise (Powers and Howely, 1990; Szazs et al., 1976).
The reaction is as follows:
CKs
CP + ADP \
creatine + ATP
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CK is activated when sarcoplasmic concentrations of ADP increase, and is inhibited by
high levels of ATP (Powers and Howely, 1990). At the onset of exercise, ATP is split
into ADP + inorganic phosphate (Pi) to provide energy for muscular contraction. This
immediate increase in ADP concentration stimulates CK activity to trigger the
breakdown of CP in order to resynthesize ATP.
Lactate dehydrogenase (LDH) is the terminal enzyme of glycolysis and is
responsible for the interconversion of pyruvate and lactate (Powers and Howely, 1990).
The reaction is as follows:
LDH
Pyruvate + NADH + H v.... Lactate + NAD+
When the mitochondria found in skeletal muscle cytosol cannot accept the pyruvate
formed as the result of accelerated glycolysis, pyruvate will accumulate and thus be
converted to lactate by LDH (Brooks and Fahey, 1985).
Whereas the catalytic reactions of CK and LDH take place in skeletal muscle
cytosol, the mechanism by which they enter the blood is still unknown. Several
theories as to how these specific muscle enzymes get into the blood stream have been
introduced. Scientists have suggested that CK and LDH are released into the blood by
the following processes: 1) mechanically disrupted muscle cells (Berg and
Haralambie, 1978; Haralambie et al., 1976); 2) phosphorlycreatine or ATP depletion
(Jones, 1983); 3) increased lysosomal proteolytic enzyme activity (Schwartz and Bird,
1977; Matsumoto et al., 1983); 4) cytosolic calcium overload (Armstrong, 1991); 5)
increased phospholipase A2 activity (Duncan, 1987; Furuno and Goldberg, 1986); and
6) free radical damage (Armstrong, 1991; Alessio and Goldfarb, 1988). The
explanations as to how and why muscle enzymes enter the blood stream are complex,
and almost certainly involve a variety of pathways and mechanisms that are activated
sequentially in promoting and producing exercise-induced muscle fiber injury
(Armstrong, 1990).
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2. Lactate
As stated earlier, glycolysis involves a series of reactions that convert glucose to
pyruvate or lactate, depending on the availability of oxygen (Pate et al. 1991). If
sufficient oxygen is not available to the muscle cell, such as during high intensity
exercise, lactate will be formed (Pate et al., 1991). In order for chemical reactions in
glycolysis to proceed, two hydrogens must be removed from glyceraldehyde 3phosphate, which then is converted to 1, 3 diphosphoglycerate. The hydrogen acceptor
in this reaction is nicotinamide adenine dinucleotide (NAD+) (Fig 2). NAD+ accepts
one of the hydrogens while the remaining hydrogen is free in solution. Upon accepting
the hydrogen, NAD+ is converted to its reduced form, NADH. If glycolysis is to
continue, adequate amounts of NAD+ must be available to accept the hydrogen atoms
that must be removed from glyceraldehyde 3-phosphate (Armstrong, 1979; DeZwaan
and Thillard, 1985; Johnson, 1983). Two ways by which the cell restores NAD4" from
NADH can occur. First, if sufficient oxygen (02) is available, the hydrogen from
NADH can be "shuttled" into the mitochondria of the cell and can contribute to the
aerobic production of ATP (Powers and Howely, 1990). Second, if 02 is not available
to accept the hydrogens in the mitochondria, pyruvate can accept the hydrogens to form
lactate (Fig. 2) (Powers and Howely, 1990). Therefore, the reason for lactate formation
is to promote the required "recycling" of NAD4"from NADH (i.e., NADH---- >
NAD4") so glycolysis can continue (Powers and Howely, 1990).
D. Ergometry Testing and the MONARK Cycle Ergometer
Cycle ergometry is a useful tool in studies of human responses and adaptations to
exercise, because it can provide standardized procedures that are simple and
inexpensive (Winter, 1991). Precisely when cycle ergometry was first used to
investigate metabolism is unclear but among early studies cited by Tuttle and Wendler
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(1945) were those of Atwater et al. (1903), Benedict and Carpenter (1909), Benedict
and Cady (1912), and Benedict and Cathcart (1913).
The term "ergometry" stems from the Greek words "ergon" (work), and
"metron"(measurement), and may be translated rather literally as "work measurement".
The instruments of work measurement, ergometers, vary in construction according to
the form of analysis being used (Astrand, 1974). A brand of ergometer (MONARK)
that is widely used in the United States and Canada is manufactured in Sweden (Fig. 3)
and is a modification of a construction designed by Associate Professor W. Von
Dobeln (1954), with the technical assistance of Mr. H. Hagelin.
1. Description of the MONARK Ergometer
The gearing and circumference of the MONARK ergometer's wheel is dimensioned
so that one complete turn of the pedals moves a point on the rim of the wheel 6 meters.
The wheel is braked mechanically by a belt circumferencing approximately one half of
the wheel. Both ends of this belt are attached to a revolving drum to which a pendulum
is fixed. The device thus acts as a pendulum scale, measuring the difference in force at
the two ends of the belt. The belt can be stretched with a lever that can be adjusted
with a hand wheel, and the deflection of the pendulum is read from a scale which is
graduated in kilopounds (kp) (lkp is the force acting on the mass of 1kg at normal
acceleration of gravity; 100 kilopound meters (kpm) / minute (min) = 723 foot-pounds
/ min = 16.35 watts). The brake power (kp) set by adjustment of belt tension,
multiplied by the distance in meters peddled gives the amount of work done in kpm. If
the distance is expressed per
minute, then the rate of work in kpm/min (watts) can be obtained. The work (watts or
watts/kg) performed by the subjects can then be used to compare their work-ouput to
the work-output of others or to examine changes in their own work-output following
exercise training.
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2. Description of the Wingate Anaerobic Test (WAnT)
Cumming (1974) introduced a friction-braked cycle ergometer test which was
further developed at the Wingate Institute in Israel and became known as the Wingate
Anaerobic Test (WAnT). The prototype was announced by Ayalon, et al. (1974), but
since then the test has evolved and a comprehensive description has been published
(Bar-Or, 1981).
Since the introduction of the Wingate prototype in 1974 (Aylon, et al. 1974), the
Wingate anaerobic test has been used in various laboratories, both as a test that assesses
anaerobic performance and as a standardized task that can help analyze responses to
supramaximal exercise (Bar-Or, 1987).
According to Bar-Or (1987) the WAnT protocol was designed to be: 1) simple to
administer without the need for particularly skilled personnel; 2) inexpensive; 3) used
with commonly available cycle ergometers; 4) non-invasive, measuring skeletal
muscle performance; and 5) applicable to both the upper and lower limbs. In
addition, Bar-Or (1987) states that the test qualifies as objective, reliable, valid, and
sensitive to improvement or deterioration in anaerobic performance rather than fitness
in general.
The WAnT protocol requires pedaling or arm cranking for 30 seconds at maximal
speed and against a constant force. This force is predetermined in order to yield supra
maximal mechanical power (equivalent to 2 to 4 times the maximal aerobic power) and
to induce a noticeable development of fatigue (i.e. drop in mechanical power) within
the first few seconds. As with many new tests that have undergone gradual evolution,
the WAnT protocol available today is somewhat different from that presented in initial
publications (Bar-Or, 1987).
The choice of force settings changed over the years. The force suggested originally
by the Wingate group was 0.075 kilopound (kp) per kilogram (kg) body weight
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(assuming the use of a MONARK ergometer) (Fig. 3). This is equivalent to
mechanical work of 4.14 Joules per pedal revolution per kg body weight. The choice
of this force was based on a study of a small group of young untrained individuals and,
in retrospect, has proven to be too low for most adults (Bar-Or, 1987).
The current general guideline recommended by Bar-Or (1987), with the
MONARK ergometer, is that a force setting of 0.090 kp/kg be used with adult non
athletes and 0.100 kp/kg with adult athletes. The indices measured after completion of
the Wingate anaerobic test are: (a) peak power, the highest mechanical power that is
elicited during the test; this index is usually taken as the highest average power within
a 5-second period; (b) mean power, the average power that is sustained throughout the
30-second period; and (c) rate of fatigue, the degree of power drop-off during the test.
Most research so far has focused on peak power and mean power. Much less is known
about the relevance of the fatigue indices to anaerobic fitness.
Originally, peak power was assumed to reflect the alactic (phosphagen) anaerobic
processes and mean power was the rate of anaerobic glycolysis in the skeletal muscle
(Bar-Or, 1987). A subsequent study (Jacobs, et al„ 1983) showed that muscle lactate
rises to extremely high levels as early as 10 seconds into the test. Peak power is
therefore unlikely to reflect only alactic processes. Bar-Or states that in many
publications, mean power has been called also "anaerobic capacity". This is based on
an unproven assumption and he prefers not to use this term. According to Bar-Or
(1987), one may assume that peak power is a reflection (although not a direct
measurement) of the ability of the limb muscles to produce high mechanical power in a
short time. Mean power, on the other hand, reflects the endurance of these muscles
(i.e. their ability to sustain extremely high power). Although the WAnT protocol was
labeled by many investigators as a reliable and valid means of testing anaerobic
performance, one needs to be careful when using this test to assess improvements in
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anaerobic components for a particular sport because the muscles which the athlete
trains and uses for that sport are most likely different than those used mainly in
performing the WAnT protocol. This is an unfortunate limitation in the present study
because the WAnT is not an exercise test designed specifically for measuring anaerobic
skating performance.
E. Training Studies
The physiological and metabolic exercise-induced adaptations which occur during
prolonged exercise are extensively documented in the last 20 years (Serresse, 1988).
There is, however, relatively less information on the training responses of human
subjects to high-intensity short duration exercise. The reasons for the lack of
information in this area may be due to the following research complications: 1) many
unanswered questions as to how high-intensity adaptations occur; 2) controversy as to
which methods are most appropriate for examining exercise-induced adaptations; and
3) little is known about the cellular mechanisms involved with exercise-induced
adaptations.
1. Enzyme Studies
Enzyme activity changes (CK and LDH) in the blood following an acute bout of
exercise are well documented (Byrnes, 1985; Clarkson, 1985, 1987; Clarkson and
Tremblay, 1988; Evans, 1986; Friden, 1983; Hunter and Critz, 1971; Kirwan, 1986;
Knuttgen, 1986; Komi and Buskirk, 1972; Maxwell and Bloor, 1981; Newman, 1987;
Nuttal and Jones, 1968; Schwane and Armstrong, 1983). The effect of training is to
diminish the release of enzymes into the blood after exercise (Critz and Cunningham,
1972; Nuttas and Jones, 1968). Several authors studied the effects of muscular work
on plasma enzyme activities (CK, LDH) both in untrained and trained subjects. They
showed that the levels of CK and LDH rise relative to intensity of work increased, and
that this effect occurs most in untrained individuals (Fowler, 1968; Garbus, 1964;
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Papadopoulus, 1968). However, the results of this exercise-induced adaptive response
are not well understood.
Hunter and Critz (1971) found that ten weeks of cycle ergometer training, three
times per week, reduced CK efflux from skeletal muscle cells into the blood. Before
training, serum CK was elevated after maximal (36%) exercise. Since training
increases the number and size of mitochondria, the authors suggested that more ATP is
available for maintenance of the cell membrane, resulting in a reduction of CK release
into the blood stream. Schwane and Armstrong (1983) used changes in CK activity as
a marker for muscle injury to study training effects in rats. Their results confirm the
results of Garbus (1964), who reported that untrained rats subjected to strenuous
exercise demonstrated a higher muscle enzyme release than trained animals.
In the two studies cited above, training involved a period of weeks. Investigators
suggested that the effect of training may be due to performance of a single bout of
exercise (Armstrong, 1983; Byrnes, 1985; Clarkson, 1985 and 1987; Kirwin, 1986;
Irintchev and Tremblay, 1987). In a study by Byrnes (1985), subjects performed a bout
of exercise that increased serum CK levels. When the same exercise was repeated
either 3 or 6 weeks later, the increases in serum CK were diminished. The authors
were unable to give an explanation for this rapid adaptation. The results from the
above mentioned studies regarding the ability of skeletal muscle to adapt to exerciseinduced damage, suggest that an adaptation takes place causing the muscle to be more
resistant to CK release.
2. Lactate Studies
Detailed studies utilizing both radioactive and nonradioactive tracers showed that
lactate is a dynamic metabolite both at rest and during exercise (Brooks and Fahey,
1985). In particular, at rest and during low intensity exercise, lactate is produced and
removed at equal rates. Even though a metabolite such as lactate turns over very
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rapidly, its concentration in the blood may not change as long as the removal (from the
blood) keeps pace with the production (entry into the blood)(Brook and Fahey, 1985).
Tracer studies showed that for a given blood lactate level, the turnover rate of lactate
during exercise is several times greater than at rest (Brooks and Fahey, 1985).
Hubbard (1973) suggested that lactate production probably occurs at all intensities of
exercise and that the difference between lactate production and clearance determines
whether or not an accumulation in the blood occurs. Continuous all-out tests (subject
performs with maximal effort) 1 to 2 minutes in duration produced lactate
concentration values ranging from 9.7 mmol/L to 12.10 mmol/L when measured 3-10
minutes into recovery (Bell et al. 1989; Perez et al. 1986; Song et al. 1988; Tesch,
1978).
Schnabel and Kindermann (1983) found that sprint training athletes revealed
smaller changes in blood lactate concentrations than marathon runners or controls,
suggesting that sprinters had higher alactic capacities than marathoners. However, in
what appears to be a conflicting study done by Edwards (1983), trained subjects were
shown to have a higher peak blood lactate concentration than did sedentary subjects.
The fact that these studies showed that blood lactate concentrations following exercise
are different in trained and untrained athletes, suggest there is still much confusion as
to what these changes actually mean regarding exercise-induced adaptations.
3. Wingate Test Studies
The WAnT was correlated (Bar-Or, 1987) with perfomance in sprinting, shortdistance swimming 25 meters (25m), and a short term ice skating task. The strongest
association was found with the short sprint and 25m swimming. The weakest
association was a shuttle ice skating task (SAS40=Sargeant Anaerobic Skate test),
which apparently requires a high skill level (Bar-Or, 1987). Bar-Or (1987) concluded
that the correlation between the WAnT power indices and anaerobic performance tasks

13

is quite high, but not high enough to justify using the WAnT as a predictor of success
in specific tasks (e.g. sprinting, short-duration swimming, etc.).
If the WAnT is a valid anaerobic test, the likelihood is that athletes who specialize
in short duration high-intensity sporting events would score higher than endurance
athletes. While several authors have reported peak power and mean power as part of a
physiological profile in athletic specialty (Inbar and Bar-Or, 1977; Rhodes, 1986;
Smith, 1982), a comparison of their findings is difficult because of varying protocols,
levels of athletic proficiency and ages (Bar-Or, 1987). A more valid comparison is
made when athletes of several specialties are tested in the same laboratory, under
identical conditions.
In the following three studies such a comparison was made. Tharp (1985)
administered the WAnT to 21 girls and 18 boys, 10 to 17 yrs. old, all members of an
elite Nebraska track club. In the males, peak AnP of the sprinters was 10.90 + 0.9
W/kg, which was significantly higher than in the long-distance runners (9.94+ 0.94
W/kg). The same was found for Mean AnP (9.04 + 0.75 vs. 8.45 + 0.62 W/kg).
Bar-Or (1987) related the Mean AnP of male members of the Burmese national
track team to the logarithm of their running specialty. The longer distance runners had
lower power out-puts in the WAnT. The 10 km runners and the marathoners scored
lower than a comparison group of sedentary Burmese males.
Taunton (1981) compared the performance of young adult middle-distance and
long- distance runners. The peak AnP per kg bodyweight of the former was
significantly higher than that of the long-distant group but the difference in Mean AnP
was not significant.
An unpublished study done by J. S. Skinner (Bar-Or, 1987) had 44 male
athletes of several specialties perform the WAnT. A pattern was apparent in which
those athletes whose specialty is considered to be mainly "anaerobic" (i.e. powerlifters
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and gymnasts) had distinctively higher peak AnP than the "aerobic" athletes (10 km
and ultramarathoners), even when the values were corrected for bodyweight (kg).

CHAPTER H
MATERIALS AND METHODS
Overview
Four subjects completed a six week training program (Level 1 Anaerobic Training
Program) (Appendix C) that involved the use of a skating treadmill. The training
program was divided into eighteen training sessions (3 per week). The subjects were
tested on three seperate test days in order that changes in anaerobic metabolism, muscle
integrity, and anaerobic performance due to training could be examined. The subjects
were tested two days prior to beginning the first training session (Test Day 1; TD-1),
two days following the ninth training session (Test Day 2; TD-2); and two days
following the completion of the training program (Test Day 3; TD-3). On each of these
three test days, blood was taken from each subject before (pre-exercise) and after (post
exercise) they performed the WAnT. These blood draws were used to examine whole
blood lactate concentrations and enzyme activities (CK and LDH). The pre-exercise
and post-exercise lactate concentrations and enzyme activities of TD-1 were then
compared to the pre-exercise and post-exercise values measured on TD-2 and TD-3.
An overall ANOVA was then used to determine if statistically significant changes
occurred between the above mentioned test days.
A. Materials used for Analysis of Metabolic Parameters
1. YSI Lactate Analyzer
A Yellowstone Instruments (YSI) automated system was used to analyze the
subjects' pre-exercise and post-exercise whole blood lactate concentrations. The YSI
15
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has a 3-layer membrane, with the middle membrane containing a lactate oxidase
compound which catalyses the production of hydrogen peroxide and pyruvate from
lactic acid and oxygen. The hydrogen peroxide thus produced diffuses through one
side of the triple membrane and, on contact with a platinum electrode, yields electron
flow proportional to peroxide concentration. The YSI machine requires 26 |il of blood
and is reported to be linear up to 15 mmol/L of lactate (Yellow Springs Instruments
1985). This particular machine was validated against other methods and found to be
accurate (Bishop et al., 1992b; W eiletal., 1986). The subjects'blood from violet
topped (commercially treated with EDTA) vacutainer tubes were placed in the YSI's
automated test tube holder within ten seconds of each blood draw and the YSI
automatically aspirated three 25 |il samples for analyzing whole blood lactate
concentrations.
2. Lactate Dehydrogenase Assay
Venous blood was drawn via the vacutainer method from the antecubital area of
each subject by a lab technician employed at the UND Family Practice Center in Grand
Forks, ND. The heparinized vacutainer samples were immediately (< 5 min.)
centrifuged (to obtain heparinized plasma) and stabilized (stored at room temperature
20 - 25° C) before being shipped (within 36 hrs) to Nichols Institute in St. Cloud, MN.
LDH activity was measured by an LDH enzyme kit from Boehringer Mannheim
Corporation (Indianapolis, IN USA). The heparinized plasma was assayed for LDH
activity by the method of Bergmeyer (1983) utilizing a Hitachi 474 automated
chemistry analyzer. The assay type was continuous using a wavelength of 340
nanometers (nm). The assay temperature was set at 37° C with a preincubation period
of 2 min., lag phase of 30 sec., and a recording interval total of 90 sec. The molar
extinction coefficient (e) was 6.22 cm2/(imol (NADH, 340 nm)t and calculation for
enzyme activity was as follows:
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A A/min. * total assay vol (mil * 1000 = U/L LDH
e * lightpath (cm) * spec vol (ml)
One unit (U) af activity was defined as the amount of enzyme which produced one
(imole of NADH per minute under the conditions of the assay procedure.
^This is a theoretical value and must be verified for each analyzer.
The reaction proceeds as follows:
LDH
L-lactate + NAD+ ^
pyruvate + NADH + H+
NAD+ and lactate are converted in equimolar amounts at the same rate. The rate at
which NADH is formed is determined by an increase in absorbancy and is directly
proportional to enzyme activity (Bergmeyer, 1983).
3. Creatine Kinase Assay
The heparinized plasma assayed for CK activity was that obtained from the same
heparinized vacutainers as were used for the collection of blood for examining LDH
activity. The measurement of CK activity was made utilizing a CK enzyme kit from
Sigma Diagnostics (St. Louis, MO USA). The heparinized plasma was assayed for CK
activity by the method of Szasz (1976) utilizing a Technicon RA-1000 automated
chemistry analyzer. The assay type was continuous using a wavelength of 340 nm in a
temperature controlled cuvette chamber (30° C) with an incubation period of 3 min.,
lag phase of 30 sec., and recording intervals of 30 sec. The molar absorptivity (e) and
formula used in the calculation of CK activity (U/L) were the same as was used to
calculate LDH activity (U/L).
In the reactions below (Sigma, 1990) CK catalyzes the reaction between CP and
ADP, forming creatine and ATP. The ATP formed is used to phosphorylate glucose,
producing G-6-P in a reaction by hexokinase (HK). Subsequently, G-6-P is oxidized to
6-PG in the presence of NAD+. This reaction is catalyzed by glucose-6-phosphate
dehydrogenase (G-6-PDH). During this oxidation, an equimolar amount of NAD+ is
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reduced to NADH increasing the absorbancy observed at 340 nm. The rate of change
in absorbancy is directly proportional to CK activity. One unit (U) of activity was
defined as the amount of enzyme which produced one pinole of NADH per minute
under the conditions of the assay procedure.
The enzymatic reactions involved in the assay were as follows:
Creatine phosphate (CP) + ADP----CK— > Creatine + ATP
ATP + Glucose ---- — —> ADP + Glucose-6-phosphate (G-6-P)
G-6-P + NAD G~6-PDH > 6-phosphogluconate (6-PG) + NADH
B. The Level 1 Anaerobic Training Program and the Methods used for Evaluating
Changes due to Training
1. Description of the Level 1 Anaerobic Training Program.
For the purpose of this study, the subjects completed the Level 1 Anaerobic
Training Program over a six week period. The Level 1 Anaerobic Training Program
was developed by Mr. John Frappier to enhance the anaerobic skating performance of
hockey players. The six week training program was divided into eighteen training
sessions (3 per week). Each training session involved a progressively more intense
skating treadmill workout which lasted approximately a total of one hour per session.
The sessions involved intermittent high intensity exercise bouts, each 4-90 seconds in
duration at various treadmill elevations (0° - 35.5°) and speeds ( 7 - 1 6 mph). The
skating treadmill (Fig. 4, 5) was designed to accommodate any size athlete. The
rotating polyethelene surface of the treadmill allows the athlete to skate on the
treadmill with regular stainless steel hockey skates. The skater wears a full body
harness (Fig. 5) while skating on the treadmill in order to prevent the athlete from
making contact with the rotating surface of the treadmill in the event of a fall. A pulley
system (Fig. 5) may also be attached to the front of the skater's full body harness,
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which allows the trainer to assist the athlete in keeping up with the rotating surface, and
to help prevent the athlete from falling.
2. Methods used for Evaluating Changes due to Training
The subjects were tested three times during the study to determine in the designed
Level 1 Anaerobic Training Program enhanced their anaerobic performance and if
changes occurred in their anaerobic glycolytic systems. None of the testing was
administered during any of the eighteen training session days. Rather, the three test
days took place two days prior to the beginning of the training program (TD-1), two
days following the ninth training session (TD-2), and two days after completing
the eighteenth training session (TD-3). On each of the three test days, the subjects
completed a Wingate test protocol (Bar-Or, 1987). Each test day (TD-1, TD-2, TD-3)
was divided into three specific time periods: a) Pre-exercise testing procedures; b)
WAnT protocol; c) Post-exercise testing procedures.
a. Description of Pre-exercise Testing Procedures
Each subject was weighed prior to beginning the WAnT protocol. The subject's
weight was then used to calculate the correct ergometer force setting (prescribed
resistance setting) for the Wingate Test period of the WAnT protocol. Before
beginning the WAnT protocol, two blood samples were taken from each subject for
measurements of lactate, CK, and LDH. Each subject sat in a chair while a medical
technichian (employed at the UND Family Practice Center Laboratory in Grand Forks,
ND ) drew two separate blood samples (via vacutainer method) from the antecubital
vein. The two blood samples consisted of one 10 ml vacutainer brown top tube and
one 5 ml vacutainer violet top tube. The brown top vacutainer tube was immediately
(< 3 minute ) transported within the same building to the UND Family Practice Center
Laboratory where CK and lactate LDH activities were determined. The 5 ml violet top
vacutainer tube was immediately used (< 10 seconds) to analyze whole blood lactate
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concentration using a YSI (Yellowstone Instruments) 2300 Stat Plus Lactate and
Glucose Analyzer. Two minutes following the blood draws, the each individual
subject began the WAnT protocol.
b. Description of the procedures used in administering the WAnT protocol
The WAnT protocol used in the study consisted of the following five sequentially
distinct time periods: 1) Prior exercise; 2) Recovery interval; 3) Acceleration
interval; 4) Wingate Test (Bar-Or, 1983); and 5) Cool down recovery. These five
time periods have been combined and are considered the WAnT protocol.
The prior exercise period consisted of five minutes of low intensity pedaling against
a resistance of two kilopounds (kp) with five all-out sprints of five seconds in duration
against the prescribed resistance setting for each subject (resistance-setting (kp) = body
weight (kg) * 0.09 kp/kg) (Bar-Or, 1987). The subject’s heart rate was monitored and
recorded before and immediately after the five minute prior exercise period.
The recovery interval period consisted of a five minute rest period between the end
of the prior exercise period and the beginning of the acceleration interval period.
After completing the prior exercise period, each subject sat in a chair until it was time
for him to begin the acceleration interval period of the WAnT protocol. Prior to the
start of the acceleration interval period, a video camcorder was activated in order to
videotape the acceleration interval and the Wingate Test periods of the WAnT
protocol.
The acceleration interval period began immediately after the recovery interval and
consisted of two time components. In the first component, each subject pedaled at 20
rpm for 10 seconds at a resistance that was one-third of his prescribed resistance
setting. In the second component, the subject increased gradually the revolutions per
minute (rpm) while the primary investigator increased the resistance as to the
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prescribed resistance setting in less than five seconds; thus allowing the acceleration
interval period to last fifteen seconds.
The Wingate Test period immediately followed the acceleration interval period
and consisted of a maximal all-out effort cycling for thirty seconds. The thirty seconds
was divided into six continuous time intervals of five seconds each for data collection.
During the Wingate Test period, total pedal revolutions and the six continuous time
intervals were recorded using a video camcorder so that relative mean anaerobic power
(Rel. Mean AnP) and relative peak anaerobic power (Rel. Peak AnP) could be
determined after the test. One subject at a time performed the WAnT protocol and the
subject’s heart rate was monitored and recorded before the acceleration portion of the
test and one minute following the cool down recovery period of the test protocol.
The one minute cool down recovery period consisted of having the subject pedal
against a 1 kp force setting. Each subject then sat in a chair where he rested for two
more minutes.
c. Description of Post-exercise Testing Procedures
Three minutes following the Wingate Test period (1 min. cool down recovery
period plus 2 min. resting in chair), two more blood samples were drawn from the
same arm of each subject by the same medical technician via the above mentioned
vacutainer method. The 10 ml brown top vacutainer tube was again immediately (< 3
minutes) transported within the same building to the UND Family Practice Laboratory
where the heparinized vacutainer blood samples were centrifuged and stabilized for
LDH and CK analysis. The 5 ml violet top vacutainer tube was immediately used (<
10 seconds) to analyze whole blood lactate concentration (mmol/L) using the same YSI
2300 Stat Plus Lactate and Glucose Analyzer as before.
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C. Description of Units and Calculations used for Data Analysis
Measurements of heparinized plasma CK and LDH activities were expressed in
units per liter (U/L) and whole blood lactate concentrations were expressed in
millimoles per liter (mmol/L). The pedal revolutions performed in the Wingate Test
period of the WAnT protocol were used to calculate relative peak anaerobic power
(Rel. Peak AnP) and relative mean anaerobic power (Rel. Mean AnP) using the
following formulas:
maximum pedal, revolutions in 5 sec. * 6 meters * force-setting(kp) * 2
Rel. Peak AnP (Watts/kg) = ------------------------------------------------------------------------------------Subject's body weight in kg.

Rel. Mean AnP (Watts/ kg) =

total pedal revolutions * 6 meters * force-setting (kp)
------------------------------------------------------------------------------------3 * kg body weight -1

An overall ANOVA was used to determine if there were differences among the
three separate test days [Test Day 1; (TD-1), Test Day 2; (TD-2), and Test Day 3; (TD3)]. If a significant difference was observed, a Sheffe' post hoc test was performed. A
level of p < 0.05 was considered significant.

RESULTS

The results of this study include data collected prior to a six week anaerobic training
program (TD-l), three weeks into the six week training program (TD-2), and
after completion of the six week training program (TD-3). Each of the three test days
mentioned above includes data collected prior to subjects' performing the Wingate Test
protocol (pre- exercise) and data collected after the Wingate Test protocol (post
exercise). The purpose was to assess if pre-exercise and post-exercise lactate
concentrations and enzyme activities (CK, LDH) showed changes which were
statistically significant.
A. Results of Analysis of Blood Metabolites
1. Creatine Kinase
A significant decrease in CK activity was evident when pre-exercise CK activity of
TD-l was compared to pre-exercise CK activity of TD-3 (from 373.00 - 72.70 U/L to
131.25 - 34.74 U/L, respectively) (p < 0.05) (Fig. 6). No significant changes occurred
in pre-exercise creatine kinase (CK) activity between TD-l and TD-2 or between TD2 and TD-3 (Fig. 6).
A significant decrease was observed when three minute post-exercise CK activity
of TD-l was compared to three minute post-exercise CK activity of TD-3 (from
426.50 ± 84.05 U/L to 150.25 ± 38.64 U/L, respectively) (p < 0.05) (Fig. 7). No
significant changes were apparent in the three minute post-exercise CK activity
between TD-l and TD-2 or between TD-2 and TD-3 (Fig. 7).
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2. Lactate Dehydrogenase
No significant changes in LDH activity were apparent (Fig. 8 and Fig. 9).
3. Lactate
A significant decrease was observed when three minute post-exercise whole blood
lactate of TD-1 was compared to three minute post-exercise whole blood lactate of TD2 (from 8.94 ± 0.61 mmol/L to 6.84 ± 0.21 mmol/L, respectively) (P < 0.05) (Fig. 11).
No significant changes in three minute post-exercise lactate levels were apparent
between TD-1 and TD-3, or TD-2 and TD-3 (Fig. 11).
No significant changes in pre-exercise whole blood lactate levels were apparent
(Fig. 10).
Table 1 summarizes the levels of the blood metabolites discussed above.
B. Results of Analysis of Anaerobic Performance
A Wingate Test protocol was used to assess if changes in calculated relative peak
anearobic power (Rel. Peak AnP) and calculated relative mean anearobic power (Rel.
Mean AnP) occurred as a result of the six week training program.
Table 2 and Table 3 show that although numerical increases occurred, the increases
were not statistically significant (p > 0.05).

DISCUSSION

Exercise-induced adaptations of athletes were previously correlated to enhanced
skeletal muscle tolerance to high-intensity exercise (Hunter and Critz, 1971; Nuttall
and Jones, 1968). In the present study, changes in serum CK activity and whole blood
lactate concentrations suggest alterations in skeletal muscle permeability and lactate
clearance, respectively. Explanations as to why changes were not apparent in serum
LDH and anaerobic performance will be addressed.
A. Creatine Kinase Status
The decrease in pre-exercise and post-exercise plasma CK activities appears to
indicate that the subjects in the study experienced a training effect (Fig. 6 and Fig. 7)
that had an influence on skeletal muscle membrane permeability. The significant
decrease (p < 0.05) in post-exercise plasma CK activity may be attributed to anaerobic
training effect that increased the skeletal muscle's ability to produce ATP by enhanced
anaerobic glycolysis. This type of training effect would increase ATP availability
during intense bouts of exercise (Linossier M. T. et al., 1993), which could assist in the
adequate removal of intracellular Ca++ by limiting the attenuation of ATP levels in the
vicinity of Ca++-ATPase (Armstrong 1991). The importance of maintaining free
cytosolic Ca++ concentrations within relatively narrow limits is indicated by the
number of mechanisms the muscle cell has for transporting Ca++ out of the cytosolic
compartment (Gillis, 1985; Klug and Tibbits, 1988; Tibbits and Thomas, 1989). As
pointed out by Caratoli (1985), there are at least 7 systems in the cell membrane for
transporting Ca++ out of the muscle cell including Ca++-ATPase, Na+: Ca++
25
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exchangers, Ca++ channels, and electrophoreic uniporters. At the same time, no direct
evidence exists that elevations in intracellular Ca++ levels are mechanistically involved
in exercise-induced muscle fiber injury. However, Byrd (1989 a. b.) has demonstrated
that both exhaustive moderate- and high-intensity exercise reduce the ability of the
sarcoplasmic reticulum to sequester Ca++. Thus with exhaustive exercise the muscle
may lose its ability to release intracellular Ca++ because of an attenuation in ATP
levels in the vicinity of the Ca++-ATPase in the sarcoplasmic reticulum (SR) or
sarcolemma. The importance of maintaining functional Ca++ pumps to the health of
the cell is indicated by experiments using ruthenium red, which inhibits Ca++-ATPase
in sarcolemma, SR and mitochondria (Ducan, 1987). In isolated intact skeletal
muscles, ruthenium red treatment causes rapid and dramatic damage to the
ultrastructure of the muscle (Duncan et al. 1980). Therefore, CK release may occur as
a direct result of skeletal muscle damage caused by elevated intracellular Ca++ levels
following an intense bout of exercise. However, in the event that anaerobic training
improves ATP production from enhanced anaerobic glycolysis (Linossier M. T. et al.,
1993), skeletal muscle damage and subsequent CK release from the cytosol could be
attenuated by improved intracellular release of Ca++ by ATP dependent Ca++ pumps.
The elevated intracellular Ca++ levels produced within the muscle cell due to the
lack of ATP in the untrained muscle may also be responsible for the pre-exercise
adaptive response that is associated with high-intensity exercise training. As an
interesting example of this possibility, elevations in intracellular Ca++ concentrations
were suggested to serve to activate stress protein gene transcription in cells (Welch,
1990). Stress proteins are produced by cells in response to heat or other forms of stress
(Morimoto et. al., 1990; Pelham, 1990; Welch, 1990). Their induction provides the
cells with a tolerance for further exposures to the stress. The protective functions of
these proteins is not will understood; some appear to be associated specifically with
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cytostructural proteins in the cells. Evidence existing suggests that these proteins are
induced in muscles by exercise (Locke et al., 1990), and this mechanism could provide
muscle fibers with a means of responding to exercise-induced trauma to protect the
cells from future exposure.
B. Lactate Dehydrogenase Status
The training program used in the present study had no apparent effect on subject
overall plasma LDH enzyme activities (Table 1). However, the activities of individual
plasma LDH isozymes (LHD-1, LDH-2, LDH-3, LDH-4, LDH-5) were not examined.
Sprint training has different effects on plasma LDH isozyme activity (Cadefau et al,
1990). While specific plasma LDH isozyme (LDH-1, LDH-2) activities were found to
decrease, other plasma LDH isozyme (LDH-3, LDH-4, LDH-5) activities appeared to
increase from sprint training (Ohkuwa, 1984). Ohkuwa (1984) suggested that
examining total plasma LDH activity is not a useful indicator of enhanced physical
performance in anaerobic work. However, he suggested that plasma LDH isozyme
activities measured after maximal exercise may prove to be a more appropriate method
for examining plasma LDH changes. The reason that no plasma LDH changes were
apparent in the present study may be attributed to the fact that overall LDH activity was
examined rather than specific LDH isozyme activities. For example, the possibility
exists that if the activities of the LDH isozymes LDH-1 and LDH-2 decreased with
training and the activities of the LDH isozymes LDH-3, LDH-4, and LDH-5 increased
with training, then no apparent change in overall plasma LDH activity would be
observed.
C. Lactate Status
Analysis of whole blood lactate concentrations during the recovery from a
controlled bout of exercise is a popular method for monitoring and modifying training
regimens (Bishop, 1993). However, much controversy still exists regarding the
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interpretation of post-exercise blood lactate changes. In the present study, the subjects'
three minute post-exercise whole blood lactate concentrations showed a significant
decrease after three weeks of training but did not continue to show a significant
decrease after the six week training program (Fig. 9). In evaluating these results, an
interpretation is difficult to draw regarding whether an exercise-induced response
actually occurred as a direct exercise response to the training program. The initial
decrease in lactate may indicate an increase in the subjects' lactate clearance (removal
of lactate from the blood stream); which could be attributed to a greater oxidative
capacity of the slow twitch fibers (Linossier M. T. et al., 1993). The subjects slow
twitch fibers could have been more extensively involved during the three minute rest
period and the removal of lactate accumulated following the Wingate Test may have
been enhanced (Linossier M. T. et al., 1993). However, the subjects' response to a bout
of exercise of the same duration at the end of the training program was not as effective
in the removal of lactate from the blood stream. These findings may be due to the
subjects ability to produce more work during the Wingate Test. The increased work
output by accelerated glycolysis could have increased the amount of lactate produced
during this 30 second bout of exercise, thus, increasing the demand of the slow twitch
fibers to remove lactate from the blood. Several scientists agree that the interpretations
of post-exercise lactate concentrations are difficult and should be done with caution.
Although the results from this study indicated a decrease in three minute post-exercise
whole blood lactate concentrations following training, to make a conclusion from these
findings would be presumptuous.
D. Anaerobic Performance Status
The numerical increases in Rel. Peak AnP and Rel. Mean AnP in the present study
were not statistically significant (Table 2 and Table 3). These findings may be due to a
low subject number and/or because the WAnT is not a sport-specific test for skating
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(e.g. treadmill running test for runners, cycle ergometer tests for cyclists, and vertical
jump for basketball and volleyball players). Because many sporting events depend
largely on anaerobic metabolism, the use of the WAnT as an indicator of the ability to
develop the anaerobic power component involved in such exercise would seem to be
justified. However, the muscles used to produce the power-output during the WAnT
are not necessarily the same muscles used to produce the power-output during other
anaerobic events (e.g. running, swimming, and skating). Since the subjects' anaerobic
performance was measured using an ergometer, one could say that the training program
enhanced (numerical increase in power-output) the subjects' anaerobic cycling
performance, however the subjects’ anaerobic skating performance was not directly
measured. An anaerobic sport-specific test for hockey players would allow researchers
to assess the anaerobic skating performance of hockey players, and the skating
treadmill may be the device from which an anaerobic skating test could be developed.
E. Summary
Physiologic and metabolic adaptations occurring during prolonged exercise have
been extensively documented. Relatively less information on the response of human
subjects to maximal exercise of short duration is available (Serresse, 1988). The
adaptive physiological responses resulting from exercise training appear to be
influenced by the specific character of the training program, type of exercise employed,
and protocol used to evaluate change. Because of great interindividual differences in
muscular performance and the different responses to similar training, an evaluation of
the physiologic and metabolic changes associated with training is difficult.
The present study indicates that exercise-induced adaptations that occur as a result
of high-intensity intermittent exercise training need to be investigated further. Ice
hockey players continue to use high-intensity intermittent styles of exercise to enhance
their anaerobic systems (phosphagenic and glycolytic), although many unanswered

30

questions still remain regarding how these exercise-induced metabolic adaptations
occur. More research is required to define precisely the roles of the various
mechanisms responsible for these observed changes.
Many factors can contribute to individual response variations to training. The
athlete's relative fitness level at the start of training is important and to expect each
athlete to respond to a given training program (Level 1 Anaerobic Training Program) in
precisely the same manner is unrealistic. Although the training program in this study
appears to have had an effect on enhancing the athlete's anaerobic components, the
benefits of anaerobic training could be optimized if a training program was designed to
meet the athlete’s individual needs and capacities. These needs and capacities could be
attained by structuring a training program that focused on recognizing the appropriate
training intensity and duration of each training session by monitoring and adjusting the
exercise prescription in relation to the athlete's response to each exercise bout (i.e. heart
rate respiration rate, and fatigue state). The circumstances which could make this style
of training possible are dependent on extensive research in the area of high-intensity
exercise response and adaptation.
The skating treadmill is be a useful training device that allows the skating athlete’s
leg muscles to respond to a given exercise stimulus in the movement patterns for which
the athlete desires improved anaerobic performance. The response to this style of
training is difficult to measure without a valid and reliable exercise-specific test that
engages the muscles in the movement patterns for which the athlete desires enhanced
anaerobic performance. An anaerobic sport-specific test for hockey players could
provide researchers with a useful tool for assessing hockey players' anaerobic
performance, and the skating treadmill may be the device from which an "anaerobic"
skating test could be developed.
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The results from this study, regarding the ability of the muscle to adapt to exerciseinduced damage, suggest that future research is necessary to investigate and define
more precisely the roles of the various mechanisms involved in exercise-induced
adaptations and their relative contributions to improved anaerobic performance. These
results also indicate that more sensitive methods are needed for examining if metabolic
and/or physiologic changes occur as a result of high-intensity training. These methods
would include an exercise-specific anaerobic test for hockey players and a more
thorough understanding of which metabolic parameters are the most appropriate for
examining exercise-induced responses to training.

APPENDICES

APPENDIX A-FIGURES
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Figure 1: Muscle energetics: schematic representation of the two
anaerobic pathways a) and b); In pathway a) ATP is resynthesized by the
transfer of a phosphate group from CP to ADP without requirement of
oxygen. Pathway b) is called glycolysis and ATP is produced by the
breakdown of glucose to form lactate in the absence of oxygen.

energy
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Figure 2: Step-by-step reactions of the breakdown of glucose to form
pyruvate or lactate depending on the availability of oxygen (02). If
sufficient 02 is available, pyruvate is the substrate formed. This metabolic
pathway is called glycolysis.
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Figure 3: Photograph of MONARCH bicycle ergometer used in the
present study to administer the Wingate Anaerobic Test protocol.
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Figure 4: Photograph of an athlete skating on the skating treadmill.
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Figure 5: Photograph of skating treadmill showing the following saftey
features: a) saftey harness, b) pulley system used to assist skater, c)
support bar.
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Figure 6: Enzyme analysis of pre-exercise plasma CK levels of human
subjects. Form the CK enzyme analysis, an overall ANOVA statistical
analysis was used to determine if there were differences among the three
separate test days (Test Day-1, Test Day-2, and Test Day-3). If a
significant difference was observed, a Scheffe' post hoc test was
performed. An asterisk (*) indicates a significant difference (p<0.05) in
plasma CK activity.
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Figure 7: Enzyme analysis of post-exercise plasma CK levels of human
subjects. Form the CK enzyme analysis, an overall ANOVA statistical
analysis was used to determine if there were differences among the three
separate test days (Test Day-1, Test Day-2, and Test Day-3). If a
significant difference was observed, a Scheffe' post hoc test was
performed. An asterisk (*) indicates a significant difference (p<0.05) in
plasma CK activity.
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Figure 8: Enzyme analysis of pre-exercise plasma LDH levels of human
subjects. Form the LDH enzyme analysis, an overall ANOVA statistical
analysis was used to determine if there were differences among the three
separate test days (Test Day-1, Test Day-2, and Test Day-3). If a
significant difference was observed, a Scheffe’ post hoc test was
performed. An asterisk (*) indicates a significant difference (p<0.05) in
pre-exercise plasma LDH activity. No significant differences in LDH
activity were apparent.
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Figure 9: Enzyme analysis of post-exercise plasma LDH levels of human
subjects. Form the LDH enzyme analysis, an overall ANOVA statistical
analysis was used to determine if there were differences among the three
separate test days (Test Day-1, Test Day-2, and Test Day-3). If a
significant difference was observed, a Scheffe' post hoc test was
performed. An asterisk (*) indicates a significant difference (p<0.05) in
post-exercise plasma LDH activity. No significant differences in LDH
activity were apparent.
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Figure 10: Analysis of pre-exercise whole blood lactate levels of human
subjects using a YSI Lactate Analyzer. From the whole blood lactate
analysis, an overall ANOVA statistical analysis was used to determine is
there were differences among the three separate test days (Test Day-1, Test
Day-2, and Test Day-3). If a significant difference was observed, a
Scheffe' post hoc test was performed. An asterisk (*) indicates a
significant difference (p<0.05) in pre-exercise whole blood lactate levels.
No significant differences in pre-exercise whole blood lactate levels were
apparent.
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Figure 11: Analysis of post-exercise whole blood lactate levels of human
subjects using a YSI Lactate Analyzer. From the whole blood lactate
analysis, an overall ANOVA statistical analysis was used to determine is
there were differences among the three separate test days (Test Day-1, Test
Day-2, and Test Day-3). If a significant difference was observed, a
Scheffe' post hoc test was performed. An asterisk (*) indicates a
significant difference (p<0.05) in post-exercise whole blood lactate levels.

APPENDIX B-TABLES

TABLE 1
MEAN

SCHEFFE F-TEST
GROUP 1
v.s
GROUP 2

GROUP 2
v.s.
GROUP 3

GROUP 1
v.s.
GROUP 3

N

GROUP 1

GROUP 2

GROUP 3

CREATINE KINASE
PRE-EXERCISE

4

373.0 0 U/L

176.75 U/L

131.25 U/L

3.7532

0.2017

5.6952 *

CREATINE KINASE
POST-EXERCISE

4

426.50 U/L

196.25 U/L

150.25 U/L

3.9325

0.1570

5.6608 *

LACTATE
DEHYDROGENASE
PRE-EXERCISE

4

174.75 U/L

151.75 U/L

150.75 U/L

2.1521

0.0041

2.3433

LACTATE
DEHYDROGENASE
POST-EXERCISE

4

198.00 U/L

172.50 U/L

170.50 U/L

1.3789

0.0085

1.6037

LACTATE
PRE-EXERCISE

4

0.6312 mmol/L

0.6915 mmol/L

0.5972 mmol/ L

0.160

0.3915

0.0509

LACTATE
POST-EXERCISE

4

8.935 mmol/L

6.84 mmol/L

7.315 mmol/L

5.6963 *

0.2928

3.4061

GROUPS

Groupl = Before training program
Group 2 = Three weeks into training program
Group 3 = After six week training program
‘ Significant at 95 %

TABLE 2

MEAN
( watts / kg )
GROUPS

N

GROUP 1

Rel. Mean AnP

4

7.5225

Rel. Peak AnP

4

9.455

GROUP 2

9.00

11.360

Rel. Mean AnP = Relative Mean Anaerobic Power
Rel. Peak AnP = Relative Peak Anaeobic Power
Groupl = Before training program
Group 2 = Three weeks into training program
Group 3 = After six week training program
*Significant at 95 %

SCHEFFE F-TEST
GROUP 3

GROUP 1
v.s
GROUP 2

GROUP 2
v.s.
GROUP 3

GROUP 1
v.s.
GROUP 3

9.1975

1.5325

0.0274

1,9696

11.7525

1.0719

0.0455

1.5591

TABLE 3

MEAN
(beats / min.)
GROUPS

N

GROUP 1

HR after 5-min.
prior exercise

4

153.00

HR 1 min. after
Wingate Test

4

132.50

GROUP 2

121.75

119.50

HR = Heart Rate
Groupl = Before training program
Group 2 = Three weeks into training program
Group 3 = After week six training program
‘ Significant at 95 %

SCHEFFE F-TEST
GROUP 3

GROUP 1
v.s
GROUP 2

GROUP 2
v.s.
GROUP 3

GROUP 1
v.s.
GROUP3

116.50

3.9991

0.1129

5.4557 *

115.00

1.1827

0.1417

2.1433
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LEVEL 1 ANAEROBIC TRAINING PROGRAM
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LEVEL ONE : PROGRAM ONE
PRE
H.R.

SPEED

SETS

7.4

1

5

:45

7.4

1

5

:30

7.4

1

5

:25

7.4

1

15

:10
(HOLD)

8.0

1

5

: 10

8.0

1

5

:10

8.0

2

10

: 10

9.2

2

10

:10

9.2

2

12

%ELEV

TIME

(: 10/: 10/: 10)

POST
H.R.
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LEVEL ONE : PROGRAM TWO

PRE
H.R.

SPEED

SETS

%ELEV

TIME

7.4

1

5

1:00

8.0

2

10

: 15

8.0

2

10

: 15
(HOLD)

8.0

3

12.5

:10

8.0

2

15

:10

8.0

1

15

:10

5.0- 8.0

1

15

:20

5.0-10.0

1

10

:20

POST
H.R.

63
LEVEL ONE : PROGRAM THREE
PRE
H.R.

SPEED

SETS

%ELEV

TIME

7.4

1

5

:45

8.0

1

10

:05

8.0

1

12.5

:08/:12
(SKATE/HOLD)

8.0

1

12.5

:08/12
(SKATE/HOLD)

8.0

1

15

: 10
(HOLD)

7.0-8.0

2

15

: 12

8.0

2

15

:10

8.0

2

15

:08

8.0

3

15

:06

7.0-8.0

3

10

: 10

8.0

1

5

:30

POST
H.R.

64
LEVEL ONE : PROGRAM FOUR
PRE
H.R.

SPEED

SETS

7.4

1

5

8.0

2

5

:20/:10
(SKATE/HOLD)

8.0

4

10

:10/:20
(SKATE/HOLD)

8.0

4

12.5

: 10/20
(SKATE/HOLD)

8.0

4

12.5

:08

8.0

4

15

:05

7.0-8.0

1

5-10 : 10/: 10/: 10
*S KATE/H OLD/S KATE

%ELEV

* REPEAT THIS SET TO FATIGUE

TIME

POST
H.R.

:45

65
LEVEL ONE : PROGRAM FIVE
PRE
H.R.

SPEED

SETS

%ELEV

7.4

1

5

:45

8.0

2

5

:20

TIME

POST
H.R.

2
8.0
10
*:20
*SKATE AS LONG AS POSSIBLE THEN HOLD, ATTENION TO STRIDE LENGTH
8.0
2
12.5
*:15
*SKATE AS LONG AS POSSIBLE THEN HOLD, ATTENION TO STRIDE LENGTH
8.0

5

15

8.0

5

15
:06/:04/:06
(SKATE/HOLD/SKATE)

8.0

2

5

: 10

:10

66

LEVEL ONE : PROGRAM SIX
PRE
H.R.

SPEED

SETS

%ELEV

7.4

1

5

:45

8.0

4

5

:20

8.0

4

10

:20

8.0

2

12.5

: 10

8.0

3

15

:10

8.0

4

15

: 10

8.0

1

15

:20

TIME

POST
H.R.
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LEVEL ONE : PROGRAM SEVEN
PRE
H.R.

SPEED

SETS

%ELEV

7.4

1

5

:45

8.0

2

5

: 10

8.0

2

5

: 10

8.0

2

5

:10

9.0

2

10

: 10

9.0

2

12.5

:10

10.0

4

15

:08

10.0

4

20

:06

TIME

POST
H.R.
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LEVEL ONE : PROGRAM EIGHT
PRE
H.R.

SPEED

SETS

%ELEV

TIME

7.4

1

5

:45

7.4

1

5

:10

8.0

1

5

:10

8.0

1

10

: 10

9.0

1

15

: 10

10.0

4

20

:06/:04
(SKATE/HOLD)

9.0

3

20

: 10

10.0

4

25

:06

12.0

4

27.5
:08
(HOLD 2HF/2HE)

7.0

1

25

: 10/: 10/: 10
(SKATE/HOLD/SKATE)

POST
H.R.
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LEVEL ONE : PROGRAM NINE
PRE
H.R.

SPEED

SETS

%ELEV

TIME

7.4

1

5

:45

7.4

1

5

:20

7.4

1

10

:20

8.0

1

12.5

: 10

8.0

1

15

: 10

10.0

1

15

:10

10.0

4

20

:06/:04:06
(SKATE/REST/SKATE)

12.0

4

POST
H.R.

25
:10
(HOLD - DO 2 HIP FLEX & 2 HIP EXT.)
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LEVEL ONE : PROGRAM TEN
PRE
H.R.

SPEED

SETS

%ELEV

TIME

7.4

1

5

:45

7.4

1
(HOLD)

5

:20

7.4

1

10

:20

8.0

1

12.5

: 10

9.5

1
(HOLD)

15

:10

10.5

1
(HOLD)

15

: 10

8.0

2

20

:06/:06:06
(SKATE/REST/SKATE)

10.0

2

15

:08

POST
H.R.

2
8.0-10.0
20
*: 10/: 10
SKATE/HOLD
SKATE/HOLD
*WILL NEED ASSISTANCE TO CHANGE SPEED WHEN THE ATHLETE IS IN
THE HOLD PHASE. ATHLETE WILL SKATE AT 8 AND HOLD 10
2
8.0-10.0
*:08/:12
25
SKATE/HOLD
SKATE/HOLD
*WILL NEED ASSISTANCE TO CHANGE SPEED WHEN THE ATHLETE IS IN
THE HOLD PHASE. ATHLETE WILL SKATE AT 8 AND HOLD 10
8.0-10.0
2
*:06/:14
30
SKATE/HOLD
SKATE/HOLD
*WILL NEED ASSISTANCE TO CHANGE SPEED WHEN THE ATHLETE IS IN
THE HOLD PHASE. ATHLETE WILL SKATE AT 8 AND HOLD 10
11.0

2

5

:08
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LEVEL ONE : PROGRAM ELEVEN
PRE
H.R.

%ELEV

TIME

SPEED

SETS

7.4

1

5

:45

7.4

2

5

:20

7.0

2

10

:20

8.0

2

10

:20

8.0

2

20

: 10

9.0

2

25

:08

10.0

2

30

:05

11.0-16.0

4

5

:10

POST
H.R.
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LEVEL ONE : PROGRAM TWELVE
PRE
H.R.

SPEED

SETS

%ELEV

TIME

7.4

1

5

:45

7.4

2

5

:20
(HOLD)

7.4

1

10

: 15
(HOLD)

7.0

1

10

:20
(HOLD)

7.0

1

10

:15
(HOLD)

8.0

1

12.5

:20
(HOLD)

8.0

1

12.5

:15
(HOLD)

10.0

1

15

:10
(HOLD)

-BREAK9.0

2

17.5

:08

8.0

2

20

:08

10.0

4

15

:08

8.0

6

25

:06

10.0

4

20

:04

12.0

2

25

:10

7.4

1

5

?

POST
H.R.
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LEVEL ONE : PROGRAM THIRTEEN
PRE
H.R.

%ELEV

TIME

SPEED

SETS

7.4

1

5

:45

6.0

1

5

:30

6.0

2

15

:10

2
8.0
2 LB. WRIST WTS.

:06:06/:06
15
(SKATE/HOLD/SKATE)

9.5
SPRINTCORD 6’

3

:04/:04/:04
20
(SKATE/HOLD/SKATE)

9.5

2

:06/:06/:06
25
(SKATE/HOLD/SKATE)

POST
H.R.
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LEVEL ONE : PROGRAM FOURTEEN
PRE
H.R.

SPEED

SETS

7.4

1

5

:45

7.4

1

5

:45

8.0
2
2 LB. WRIST WTS.

10

:20

8.0
2
2 LB. WRIST WTS.

10

:20

8.0
SPRINTCORD 6'

3

15

:08

8.0
SPRINTCORD 6'

3

8.0

4

25

:04

2

25

:10

*3.0-8.0

%ELEV

TIME

POST
H.R.

20
:10
(SKATE/HOLD/SKATE)

*WILL NEED ASSISTANCE TO INCREASE SPEED ON ACCELERATION RUNS.
TOP SPEED INDICATED SHOULD BE REACHED AT :08 SEC.

75
LEVEL ONE : PROGRAM FIFTEEN
PRE
H.R.

%ELEV

TIME

7.4

0

:45

7.4

5

:40

6.4
1
3 LB. WRIST WTS.

10

:20

6.4
1
3 LB. WRIST WTS.

10

:15

7.0
1
3 LB. WRIST WTS.

15

:20

7.0
1
3 LB. WRIST WTS.

15

: 15

8.0
1
3 LB. WRIST WTS.

17.5

:20

8.0
1
3 LB. WRIST WTS.

17.5

: 15

8.0
1
3 LB. WRIST WTS.

20

:10

32

:05

6.0
2
SPRINTCORD AT 6’

20

:08

8.0
2
SPRINTCORD AT 6'

25

:08

8.0
4
SPRINTCORD AT 6’

30

:08

6.0
3
SPRINTCORD AT 6'

32.5

:06

SPEED

8.0

SETS

4

8.0

4

30

:04

8.0

2

32.5

:08

POST
H.R.

76
LEVEL ONE : PROGRAM SIXTEEN
PRE
H.R.

SPEED

SETS

%ELEV

TIME

7.4

1

5

:45

7.4

1

5

:45

6.0

2

10

: 10

8.0

2

10

:10

8.0

2

15

: 10

8.0

2

20

: 10

8.0

2

22.5

:10

8.0

3

25

: 10

10

4

25

:06

8

1

25

:20
(HOLD)

POST
H.R.

77
LEVEL ONE : PROGRAM SEVENTEEN
PRE
H.R.

SPEED

7.4

SETS

1

%ELEV

5

TIME

POST
H.R.

:45

4.0

1
25
:45
3 LB. WRIST WTS.
SKATE AS LONG AS POSSIBLE, THEN HOLD-ATTENTION TO STRIDE LENGTH
8.0

2

32.5

:04

4.2
1
32
:45
SKATE AS LONG AS POSSIBLE, THEN HOLD-ATTENTION TO STRIDE LENGTH
8.0
6.0
8.0

2

32.5

4
22
SPRINTCORD 6'
3

32.5

:04
:08
:08

78

LEVEL ONE : PROGRAM EIGHTEEN
PRE
H.R.

SPEED

SETS

7.4

1

5

:45

7.4

2

5

:45

4.0

3

25

:20

8.0

3

32

: 10

%ELEV

TIME

6.0

3
SPRINTCORD 8’

32

: 10

8.0

3
SPRINTCORD 8'

35

:06

12.0

2

15

:05/:05
(SKATE/HOLD)

POST
H.R.
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